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Abstract
Exclusive nonleptonic decays of bottom and charm baryons are studied within a rel-
ativistic quark model. We include factorizing as well as nonfactorizing contributions
to the decay amplitudes.
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In the near future one can expect large quantities of new data on exclusive charm
and bottom baryon nonleptonic decays which calls for a comprehensive theoretical
analysis of these decays. There exist a number of theoretical analysis of exclusive
nonleptonic heavy baryon decays in the literature1−6 including predictions for their
angular decay distributions. The analysis of nonleptonic baryon decays is compli-
cated by the necessity of having to include nonfactorizing contributions. In Fig.1
the Feynman diagrams which contribute to the amplitude of nonleptonic decays of
heavy baryons are given: factorizing diagram (I), nonfactorizing diagrams (IIa, IIb,
III). One thus has to go beyond the factorization approximation which had proved
quite useful in the analysis of the exclusive nonleptonic decays of heavy mesons.
There have been some theoretical attempts to analyse nonleptonic heavy baryon
decays using factorizing contributions alone5, the argument being that W-exchange
contributions can be neglected in analogy to the power suppressed W-exchange con-
tributions in the inclusive nonleptonic decays of heavy baryons. One might even be
tempted to drop the nonfactorizing contributions on account of the fact that they
are superficially proportional to 1/Nc. However, sinceNc-baryons contain Nc quarks
an extra combinatorial factor proportional to Nc appears in the amplitudes which
cancels the explicit diagrammatic 1/Nc factor
1,2. There is now ample empirical ev-
idences in the c→ s sectors that nonfactorizing diagrams cannot be neglected. For
example, in the charm sector the two observed decays Λ+c → Ξ
0K+ and Λ+c → Σpi
can only proceed via nonfactorizing diagrams. Their sizeable observed branching
ratios may thus serve to obtain a measure of the size of the nonfactorizing contri-
butions.
In this paper we use a relativistic quark model developed in Refs.7 to calculate
nonleptonic decays of heavy baryons. This model has been successfully applied to
the description of the electromagnetic properties of nucleons8 and has been extended
to an analysis of the semileptonic decays of heavy baryons9. The detailed description
of the model can be found in Refs.7−9. Since the evaluation of the nonleptonic
decay amplitudes involves three-loop diagrams with nonlocal vertices (see Fig.1),
we shall make some simplifying assumptions. These assumptions, on the one hand,
have a clear physics motivation (we reproduce the analysis1 of the spin structure
of decay amplitudes in the spectator quark model10,11), and, on the other hand,
allow one to evaluate both the factorizing and the nonfactorizing contributions to
nonleptonic baryon decays. This can be achieved by assigning the projector V+ =
(1+ 6v)/2 to each light quark field in the baryon-quark vertex, and by using the static
1
approximation for u, d and s quark propagators in momentum space Sq(k) = 1/mq
with mq being a static quark mass. See, further details in Ref.
6
Below we present our numerical results for decay rates and asymmetry param-
eters. Model parameters are determined from a fit to known branching ratios of
nonleptonic decays Λ+c → Λ
0pi+, Λ+c → Σ
0pi+, Λ+c → Σ
+pi0, Λ+c → pK¯
0 and
Λ+c → Ξ
0K+ (see, Ref.6). The masses of hadrons are taken from Ref.12
In Tables 1 and 2 we give the results for the decay rates and asymmetry param-
eters for the heavy-to-light and b→ cu¯d nonleptonic decays, respectively.
Table 1. Branching ratios (in %) for heavy-light transitions.
Process Ko¨rner, Xu, Cheng, Our Experiment12
Kra¨mer 1 Kamal3 Tseng4
Λ+c → Λpi
+ 0.76 1.67 0.91 0.79 0.79± 0.18
Λ+c → Σ
0pi+ 0.33 0.35 0.74 0.88 0.88± 0.20
Λ+c → Σ
+pi0 0.33 0.35 0.74 0.88 0.88± 0.22
Λ+c → Σ
+η 0.16 0.11 0.48± 0.17
Λ+c → Σ
+η′ 1.28 0.12
Λ+c → pK¯
0 2.16 1.24 1.30 2.06 2.2± 0.4
Λ+c → Ξ
0K+ 0.27 0.10 0.31 0.34± 0.09
Ξ+c → Σ
+K¯0 5.11 0.35 0.67 3.08
Ξ+c → Ξ
0pi+ 2.80 2.66 3.12 4.40 1.2±0.5±0.3
Ξ0c → ΛK¯
0 0.11 0.32 0.24 0.42
Ξ0c → Σ
0K¯0 1.03 0.08 0.12 0.20
Ξ0c → Σ
+K− 0.11 0.11 0.27
Ξ0c → Ξ
0pi0 0.03 0.49 0.25 0.04
Ξ0c → Ξ
0η 0.21 0.28
Ξ0c → Ξ
0η′ 0.74 0.31
Ξ0c → Ξ
−pi+ 0.91 1.52 1.10 1.22
Ω0c → Ξ
0K¯0 1.10 0.08 0.02
Λ0b → Λpi
0 4.92×10−5
Λ0b → pK
− 2.11×10−4
Table 2. Branching ratios (in %) for heavy-heavy transitions.
Process Γ (in 1010 s−1) α Process Γ (in 1010 s−1) α
Λ0b → Λ
+
c pi
− 0.382 -0.99 Ξ0b → Ξ
′0
c pi
0 0.014 0.94
Λ0b → Σ
+
c pi
− 0.039 0.65 Ξ0b → Ξ
′0
c η 0.015 -0.98
Λ0b → Σ
0
cpi
0 0.039 0.65 Ξ0b → Ξ
′0
c η
′ 0.021 0.97
Λ0b → Σ
0
cη 0.023 0.79 Ξ
0
b → Λ
+
c K
− 0.010 -0.73
Λ0b → Σ
0
cη
′ 0.029 0.99 Ξ0b → Σ
+
c K
− 0.030 -0.74
Λ0b → Ξ
0
cK
0 0.021 -0.81 Ξ0b → Σ
0
cK¯
0 0.021 0
Λ0b → Ξ
′0
c K
0 0.032 0.98 Ξ0b → Ω
0
cK
0 0.023 0.65
Ξ0b → Ξ
+
c pi
− 0.479 -1.00 Ξ−b → Ξ
0
cpi
− 0.645 -0.97
Ξ0b → Ξ
′+
c pi
− 0.018 0.61 Ξ−b → Ξ
′0
c pi
− 0.007 -1.00
Ξ0b → Ξ
0
cpi
0 0.002 -0.99 Ξ−b → Σ
0
cK
− 0.016 -0.98
Ξ0b → Ξ
0
cη 0.012 -0.86 Ω
−
b → Ω
0
cpi
− 0.352 0.60
Ξ0b → Ξ
0
cη
′ 0.003 0.71
2
A clear pattern emerges. Nonfactorizing contributions plays a significant role in
the heavy-to-light transitions. For heavy-to-heavy transitions the dominant rates
are into channels with factorizing contributions. The rates which proceed only via
nonfactorizing diagrams are small but not negligibly small.
In Tables 3 and 4 we analyse the contributions of nonfactorizing diagrams rel-
ative to those of the factorizing ones for the decays Λ+c → Λpi
− and Λ0b → Λ
+
c pi
−
which we predict to have the largest branching ratio. The total contribution of the
nonfactorizing diagrams can be seen to be destructive. The sum of nonfactorizing
contributions amount up to 60 % of the factorizing contribution in amplitude of
heavy-to-light decay and up to 30 % in amplitude of b→ c transition.
Table 3. Decay Λ+c → Λpi
+.
Contribution of nonfactorizing diagrams
(in % relative to the factorizing contribution)
Amplitude Diagram
IIa IIb IIa + IIb III
A -29.8% -18.5% -48.3%
B -32.4% -15.9% -48.3% -13.9%
Table 4. Decay Λ0b → Λ
+
c pi
−.
Contribution of nonfactorizing diagrams
(in % relative to the factorizing contribution)
Amplitude Diagram
IIa IIb IIa + IIb III
A -13.9% -6.2% -20.1%
B -14.3% -5.8% -20.1% -8.5%
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